A polyclonal rabbit antibody (9120) Rabbits received booster injections four times at 3-to 4-week intervals and were bled 2 weeks after the final' booster injection. To affinity purify antibody, ao was separated from other proteins by NaDodSO4/PAGE and electroblotted onto a nitrocellulose sheet. The a-subunit bands were identified, cut out, and used as an affinity matrix. Affinity-purified a0 antibodies were isolated by incubating ao antiserum with the a0 affinity matrix and eluting specific a0 antibodies with 0.2 Abbreviations: G protein, guanine nucleotide-binding regulatory protein; G', G0, GS, the inhibitory, other, and stimulatory G proteins, respectively; Tr, transducin; a0, ap, and aT, a subunit of Go, Gi, and Tr, respectively.
brain was low before birth, increased after birth, and reached the full adult level at 4 weeks of age. In contrast, ADPribosylation of 40 .kDa proteins increased for up to 1 week and then decreased. Immunocytochemistry revealed that ao was localized to somatic and synaptic membranes in rat brain, whereas little or no a0 was detected in the cytoplasm of neuronal cell bodies. Our observations suggest that Go in brain might have a role in membrane signal transduction at synaptic and extrasynaptic sites.
A family ofguanine nucleotide-binding regulatory proteins (G proteins) transduces signals from cell-surface receptors to intracellular effectors (1) . Members of this family include the structurally homologous stimulatory and inhibitory G proteins ofthe ligand-sensitive adenylate cyclase system (Gs and G,, respectively) (2-11) and the transducin (Tr) protein, which couples the light-induced activation of rhodopsin to cGMP phosphodiesterase activity (12) . The Gs, Gi, and Tr proteins have been purified as oligomeric proteins composed of a, , and y subunits (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . The a subunits of G., GO, and Tr are distinct but homologous proteins with molecular masses of 45, 41 , and 40 kDa, respectively. The (3 subunit has a molecular mass of 35 kDa and appears to be identical in all forms ofG protein. The y subunit of G5, Gi, and Tr is reported to have a molecular mass of -8 kDa. The a subunits ofGs (as) and Gi (ai) are substrates for cholera and pertussis toxincatalyzed ADP-ribosylation, respectively. The a subunit of Tr (aT) can be ADP-ribosylated by cholera and pertussis toxins at distinct sites (13, 14) . Another G protein, termed the "other" G protein (G0), with a similar structure was isolated from bovine brain but has an undetermined function (15, 16) .
The a subunit of the G. protein (a0) has a molecular mass of 39 kDa and is a substrate for pertussis-toxin catalyzed ADP-ribosylation (15, 16) .
The complete amino acid sequences of a subunits of G., Gi, and T, have been deduced from the nucleotide sequences of their cDNAs (17) (18) (19) (20) (21) (22) (23) . A partial amino sequence of a0 has been obtained directly from the purified protein (22) . Polyclonal antibodies against a and (3 subunits have been raised against either the purified proteins (24) (25) (26) (27) or the synthetic peptide fragments (24) . Since these a subunits are structurally homologous proteins of different functions, a highly specific antibody against each a subunit is desirable for anatomic localization and functional studies. Antibodies reported so far have cross-reacted with multiple a subunits. In this study, we report the properties of a rabbit polyclonal antibody against a synthetic peptide fragment unique to ao, which is covalently coupled to a heptalysine branched oligomer. This antibody interacts specifically with ao of rat brain and lung. It does not cross-react with the a subunit from G. (as), with ai, with aT, or with ao from rat heart or adipose tissue, if ao is present in these tissues.
METHODS AND MATERIALS
Antibody Preparation. A nanopeptide fragment (Asp-GlyIle-Ser-Ala-Ala-Lys-Asp-Val) unique to ao was selected as the immunogen. A heptalysine oligomer carrying eight copies of this peptide fragment ("octopus-immunogen") was synthesized by a solid-phase method (28 Immunocytochemistry. Adult male Sprague-Dawley rats were deeply anesthetized and sequentially perfused through the ascending aorta with 100 ml of heparinized saline and with 500 ml of 4% (vol/vol) formaldehyde in 0.05 M Tris-buffered saline (pH 7.7). The brain was removed, cut into blocks, and frozen in liquid nitrogen. Cryostat sections (10 ,um (Fig. lA) . This same antiserum contained antibody against several unidentified 50-to 60-kDa proteins that often contaminated the gel. The affinity of antibodies for these contaminating proteins appeared to be low, and the proteins were not related to G. protein, since immunostaining was not inhibited by the antigen peptide fragment (Fig. 1B) . Immunostaining of 50-to 60-kDa proteins was greatly decreased by extensive washing ofthe blot before incubation with alkaline phosphateconjugated goat anti-IgG (Fig. 1B) . Immunostaining of a0
could be detected by this antiserum at a final dilution of 1: 20,000. It appeared to be saturated at a 1:600 dilution (Fig. 1D) . We routinely used a 1:400 dilution for most experiments.
Monospecific a. antibody was affinity-purified by absorption onto pieces ofa nitrocellulose blot containing only a. and subsequent elution with glycine buffer (pH 2.8). This affinitypurified antibody interacted exclusively with a. (Fig. 1B) , even on blots of crude membrane preparations (data not shown).
Immunostaining by antiserum 9120 and by affinity-purified antibody was specific to ao, since it was inhibited by adding an antigen peptide fragment or G0 (Fig. 1B) . The specificity of this ao antibody was further confirmed by its lack of immunoreactivity with as much as 6 ,tg of G. or G, proteins purified from human erythrocytes protein (Fig. 1C) brane preparations (Fig. 3) . However, no immunoreactive bands were detected with antibody 9120 even when a large quantity of membrane proteins were used (Fig. 2) . These data suggest that either G0 is absent from adipose tissue or does not cross-react with our antibody.
Similarly, G0 was reported (22) in bovine cardiac sarcolemma membranes by pertussis toxin-induced ADP-ribosylation and immunoblot with an antibody against an a0 fragment. With our antibody, we were unable to detect any immunoreactive band for rat or porcine cardiac sarcolemma membrane preparations (Fig. 2) ; however, these membrane preparations did contain 40-kDa proteins that were ADPribosylated by pertussis toxin (Fig. 3) .
Membranes from lung tissue contained a 40-kDa protein that was immunoreactive and ADP-ribosylated (Figs. 2 and   3 ). The density of this protein in lung appears to be as high as in brain membranes.
ADP-ribosylation was observed for a 95-kDa lung protein, a 55-kDa heart protein, and an 80-kDa liver protein, although ADP-ribosylation of all proteins was not pertussis toxindependent (Fig. 3B) .
Developmental Study of ao in Rat Brain. Developmental studies of Go were carried out by immunoblotting and by pertussis toxin-stimulated ADP-ribosylation of membranes prepared from brains of rat embryos 1 week before birth, of newborn rats, and of 1-, 2-, and 4-week-old rats. No ao was detected in immunoblots from embryonic brain tissue, but a0 was detected at birth and increased continuously up to 4 weeks of age (Fig. 4A) . Surprisingly, the pattern of ADP- ribosylation was quite different. ADP-ribosylated protein was detected in embryonic brain, reached a peak level 1 week after birth, and declined after 2 weeks (Fig. 3B) . The 4-week-old rat showed a minimal level of ADP-ribosylation that was even lower than that of embryonic brain membranes (Fig. 4B) , despite its having the highest level of immunoreactive a0 (Fig. 4A) .
Immunocytochemical Localization of ao in Rat Brain. We have observed a heterogeneous distribution of a0 in rat brain similar to that described by Worley et al. (27) . Control preparations included omitting primary antibody or adding normal rabbit serum, preimmune serum, or excess antigen to the primary antibody reaction mixture; all yielded negative immunostaining, suggesting a high antibody specificity for ao. The hippocampus displayed strong immunoreactivity and had a laminated cytoarchitecture. Fig. 5 A, C, and E shows a Nissl-stained pyramidal cell layer in the CA1 region of the dorsal hippocampus. Under low magnification, immunoreactive staining was widely distributed, abundant in the neuropil and low in cell bodies (Fig. SB) . Fig. SD shows weak immunostaining in the pyramidal cell layer but very strong immunoreactivity in the suprajacent stratum oriens and the subjacent stratum radiatum. However, upon close examination at higher magnification (Fig. SF) , immunoreactivity can be seen at the somal membrane ofneuronal cell bodies but not in the cytoplasm. Similar observations were also found in other regions of brain, especially the cortex. We interpret the above observation to be the result of membrane-to-cytosol ratios. In the hippocampus, the apical and basilar dendritic fields (strata oriens and radiatum) are dense in membrane but low in cytosol, which results in a dense immunostaining. Conversely, in the pyramidal cell layer the ratio is oppositea low membrane-to-cytosol ratio-which results in a low density of immunostaining.
DISCUSSION
Our ao antibody was raised by injecting a simple heptalysine oligomer carrying eight copies of the immunogenic a0 peptide fragment (octopus-immunogen). This is in contrast with the traditional method, in which a small peptide must be coupled to a large protein carrier (i.e., bovine serum albumin or thyroglobulin) to be an effective immunogen. The carrier we used is a simple and defined structure, and the whole octopusimmunogen can be synthesized by the solid-phase method. Although several a0 antibodies have been reported, all lacked high specificity to ao. Ten percent cross-reactivity to ai was observed for the antibody reported by Worley et al. (27) . By using a0 fragment Asn-Leu-Lys-Glu-Asp-Gly-IleSer-Ala-Ala-Lys-Asp-Val-Lys, Mumby et al. (24) produced an ao antibody with some cross-reactivity to aT. This, perhaps, is not unexpected, since this peptide is partially (50%) homologous to aT fragment Lys-Leu-Lys-Glu-Asp-AlaGlu-Lys-Asp-Ala-Arg-Thr-Val-Lys. By using purified G0, Gierschik et It has been inferred that G proteins have a role in the regulation of phosphotidylinositol cycle, since GTP stimulated phospholipase C activation in membranes and in permeabilized cells (37, 38) . Pertussis toxin, which ADPribosylated Go and Gi, inhibited ligand-induced phospholipase activation and the production of two second messengers, diacylglycerol and inositol 1,4,5-trisphosphate, in certain cells (39) (40) (41) . A G protein that is a pertussis toxin substrate was also implicated in coupling receptors directly to ion channels (42, 43) . The similar localization of G0 and protein kinase C in neuronal synaptic zones has led Worley et al. (27) to further suggest that Go plays a role in the brain that is related to regulation of the phosphotidylinositol cycle in synapses. Our studies have revealed a more extensive localization Go in the plasma membrane of neuronal cell bodies in addition to synaptic zones, suggesting a broader membrane transduction function for Go in brain than just synaptic transmission.
Note. After this paper was submitted for publication two papers appeared. One paper reported similar postnatal developmental appearance ofa0 in rat brain (44) . The other paper reported that there are three types of ai. The a; peptides corresponding to the ao peptide used in our antibody production are Asp-Gly-Glu-Lys-Ala-Ala-ArgGlu-Val for ail and ai2 and Asp-Gly-Glu-Lys-Ala-Ala-Lys-Glu-Val for ai3 (45) . Both peptides differ from our a0 antigen peptide, and, since we could not detect immunoreactivity to ai purified from human erythrocytes and to tissues that were reported to contain ai, it is unlikely that antiserum 9120 cross-reacts with ai.
